Abstract: Breast reconstruction is an integral part of treatment of breast cancer. Immediate reconstruction is breast reconstruction that is done at the same surgery as the mastectomy, whereas delayed reconstruction is done months or years after the mastectomy. Immediate and delayed reconstruction can be accomplished with autologous tissue flaps or prosthetic breast implants. The esthetic result, psychosocial effect, and cost of breast reconstruction are better with immediate reconstruction, but the risk of surgical complications is less with delayed reconstruction. Although immediate reconstruction is oncologically safe and esthetically advantageous, nationwide less than 20% of patients having a mastectomy have immediate breast reconstruction. Radiation treatment before or after mastectomy has a negative impact on the outcome of breast reconstruction and is one important factor to be considered in determining the optimal timing for breast reconstruction.
R econstruction of the female breast after mastectomy is an integral part of treatment for breast cancer. This has been recognized and acknowledged at the national policy level resulting in the Womens' Health and Cancer Rights Act of 1998. This United States federal law requires commercial health insurance companies to cover breast reconstruction and considers surgery on the opposite breast to improve breast symmetry to be part of breast reconstruction. Breast reconstruction improves the quality of life of the breast cancer patient. This has been shown in numerous peer reviewed scientific publications over the years, 1-3 but has not been a universal finding. 4, 5 The percentage of women in the United States who have breast reconstruction remains low despite its advantages and availability. Between 1998 and 2002, only 16% of women who had a mastectomy had reconstruction within 4 months. This was a study of 51,000 women who had a mastectomy for breast cancer identified from a database representing 26% of the US population. 6 Another study of 2174 patients who had a mastectomy at 1 of 8 National Comprehensive Cancer Network centers between 1997 and 2002 showed that 42% of these patients had breast reconstruction within 1 year of the mastectomy. 7 This shows that use of breast reconstruction is higher at specialized centers when compared with the nation as a whole.
Breast reconstruction can be initiated immediately after a mastectomy, during the same anesthetic. This is called immediate breast reconstruction. Alternatively, breast reconstruction can be accomplished months or years after a mastectomy, so called delayed breast reconstruction, at a time the patient chooses. The best timing for breast reconstruction is arrived by consideration of the advantages and disadvantages of immediate and delayed breast reconstruction, as well as the circumstances of the individual patient. Radiation treatments have only negative effects on breast reconstruction, 8 -13 so the likelihood of postmastectomy radiation therapy (PMRT) must be considered in every patient. Of course, patients may choose not to have breast reconstruction at all. Alternatively, patients can use external breast prosthesis. This is a silicone or foam breast form that is placed within a bra or contained within a specialized postmastectomy bra.
IMMEDIATE BREAST RECONSTRUCTION
Immediate breast reconstruction has been shown to be oncologically safe in terms of local recurrence 14, 15 and survival 16, 17 when compared with mastectomy alone. Despite this, patients are still sometimes not informed about the option of immediate breast reconstruction or are told that reconstruction should be delayed, to allow a period of 2 or more years for close monitoring for local recurrence of breast cancer. Patients with locally advanced disease can have immediate breast reconstruction, but may chose to have delayed reconstruction to avoid the risk having the reconstruction degraded esthetically by postmastectomy radiation, not for fear of decreased survival because of the reconstruction impairing surveillance for recurrence.
All else being equal, immediate breast reconstruction yields superior esthetic results on average when compared with delayed breast reconstruction (Fig. 1) . 18 This is because more of the native breast skin is available to envelope the reconstructed breast in the case of immediate reconstruction. This is due in large part to the development 19 and acceptance of skin-sparing mastectomy. 14 The advantages of immediate breast reconstruction are more than just esthetic. Immediate breast reconstruction may have greater psychosocial benefits for patients compared with delayed reconstruction. 20 The patient awakes from the mas-tectomy surgery with at least a partially reconstructed breast mound and does not have to live with the full mastectomy deformity for any period. One retrospective survey study compared 38 immediate breast reconstruction patients with 83 delayed reconstruction patients and showed that immediate reconstruction patients had significantly better body image and self-esteem. Moreover, delayed reconstruction patients felt significantly greater anxiety, depression, and impairment of their sexual attractiveness. 21 Immediate reconstruction is also more cost effective than delayed reconstruction. In one retrospective study of 276 patients, 57 patients who had a mastectomy followed by a separate surgery for delayed breast reconstruction had a 62% higher mean resource cost compared with the 219 patients who had immediate breast reconstruction. When patients were subgrouped into those who had transverse rectus abdominis musculocutaneous (TRAM) flap reconstruction versus prosthetic implant-based breast reconstruction, the patients having immediate reconstruction still had lower mean resource costs. The lower overall cost of immediate reconstruction was largely due to combining the mastectomy and reconstruction into 1 operation, as opposed to having 2 separate operations, thus lowering overall operating room time and inpatient hospital days. 22 
Immediate Reconstruction With Autologous Tissue Flaps
When skin-sparing mastectomy and an autologous tissue flap are used, the majority of the reconstructed breast skin surface can be native breast skin, as opposed to flap skin that is usually lighter in color. In the most favorable cases, the skin paddle of the flap is only visible where it replaces the resected nipple and areola, and can be camouflaged by subsequent nipple reconstruction and micropigmentation used to mimic the darker skin color of the nipple and areola (Fig. 2) . However, such optimal esthetic results are not the norm, and patient expectations must be managed preoperatively. Patients should be told that the realistic goal of breast reconstruction is to appear normal and symmetric while wearing clothing. Without clothing, it is usually readily apparent that the reconstructed breast is not a normal natural breast. Only in a minority of cases can plastic surgeons reconstruct a breast that so closely mimics a natural breast it could fool someone else who sees the patient without clothing. In a more typical case, there is visible flap skin on the surface of the reconstructed breast and the shape is not perfect (Fig. 3A) , but the contour, volume, and symmetry can be excellent, and the patient should appear normal and symmetric while wearing clothing (Fig. 3B ).
Immediate Reconstruction With Breast Implants
Immediate breast reconstruction using prosthetic breast implants is most commonly performed in 2 stages. The first stage is placement of a tissue expander (a specialized type of breast implant that has a port for percutaneous addition of 
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The Cancer Journal • Volume 14, Number 4, July/August 2008 saline) followed several months later by exchange for a saline or silicone gel-filled implant that is typically softer and better shaped than the tissue expander. The tissue expander is placed between the pectoralis major muscle and the ribs, in the submuscular plane, so that it is covered by a layer of muscle in addition to the overlying mastectomy skin flap. In the case of immediate reconstruction using skin-sparing mastectomy, there is more native breast skin than in delayed reconstruction. This allows easier and more rapid expansion to the appropriate volume, and improved shape of the reconstructed breast because more ptosis can be achieved compared with delayed reconstruction using implants (Fig. 4) .
Disadvantages of Immediate Reconstruction and Skin-Sparing Mastectomy
The improved esthetic outcome of immediate breast reconstruction depends to a large degree on skin-sparing mastectomy. This is a technically demanding procedure that often results in necrosis of some of the mastectomy skin flaps (the spared native breast skin). Mastectomy skin flap necrosis is especially problematic because the full extent of nonviable skin cannot be reliably identified at the time of surgery. If it is suspected, the skin at risk should be excised during the surgery, but this can lead to removal of some native breast skin that might not have gone on to necrosis. Alternatively, the at-risk mastectomy skin can be left to demarcate several days to weeks after the mastectomy and immediate reconstruction (Fig. 5A ). This will minimize unnecessary skin excision, but requires eventual debridement of the mastectomy skin that does necrose with subsequent skin grafting or dressing changes to allow secondary healing (Fig. 5B) .
In the case of autologous tissue breast reconstruction, mastectomy skin flap necrosis can compromise the final esthetic result. In the case of prosthetic implant breast reconstruction, mastectomy skin flap necrosis can result not only in diminished esthetic outcome, but also exposure and infection that necessitates removal of the tissue expander or breast implant. Mastectomy skin flap necrosis generally does not occur in delayed breast reconstruction.
Immediate breast reconstruction has been shown to have a higher complication rate than mastectomy alone 23 and delayed reconstruction. A retrospective study of 326 patients who had immediate or delayed reconstruction using implants and/or flaps showed a significantly higher complication rate for immediate reconstruction patients. The method of breast reconstruction was not significantly associated with the complication rate. 24 
DELAYED BREAST RECONSTRUCTION
Breast reconstruction can be done months or years after a mastectomy in a completely elective manner when the patient desires. The main advantage of delaying breast reconstruction is that the risks of surgical complications are decreased compared with immediate reconstruction. 24 The disadvantages of delayed breast reconstruction are that the average cosmetic result is not as good as immediate reconstruction 18 and that the patient has had a period of living without a breast. The esthetic disadvantage of delayed reconstruction comes from the relative lack of native breast skin available to envelope a reconstructed breast mound. Surgical oncologists rarely perform skin-sparing mastectomy when reconstruction is to be delayed. This is because skin sparing-mastectomy takes more time and is more technically demanding than a standard mastectomy, and in the absence of a breast reconstruction, skin-sparing mastectomy leaves excess breast skin that forms ripples and folds on the chest wall. These are unsightly and can complicate delivery of postmastectomy radiation if it is indicated.
In the months and years after mastectomy without reconstruction, the remaining native breast skin usually contracts and becomes less supple and less elastic, and thus less able to conform to a natural breast contour that includes some ptosis.
Delayed Reconstruction With Autologous Tissue Flaps
In the case of delayed breast reconstruction with autologous tissue, the native breast skin that remains after a mastectomy contracts leaving less skin surface area to envelop a future reconstructed breast (Fig. 1A) . In addition, skin-sparing mastectomy is not common in the absence of immediate breast reconstruction. At the time of delayed reconstruction, the remaining native upper breast and chest skin superior to the mastectomy scar (the upper mastectomy skin flap) is able to cover the upper part of the reconstructed breast. However, the lower mastectomy skin flap usually is no longer large enough in area, nor supple or elastic enough to envelop a reconstructed breast with adequate projection or ptosis. Therefore, the lower mastectomy skin flap is usually split, discarded, or left in place and de-epithelialized to be covered by the flap. This results in a larger flap skin paddle showing on the surface of the lower part of a reconstructed breast (Fig. 1B) . Moreover, the skin paddle of the flap is usually substantially lighter in color than the surrounding native chest and breast skin at least first.
Delayed Reconstruction With Breast Implants
Delayed breast reconstruction with tissue expanders and implants has a lower complication rate compared with immediate reconstruction. This is because the mastectomy skin flaps have been delayed (previously dissected and elevated) and are much less likely to necrose with re-elevation for delayed placement of a tissue expander. Furthermore, when the mastectomy and lymph node evaluation surgery are done previously, there is less risk of contamination and infection of the implant, and less risk of seroma formation due to the less invasive surgery for delayed reconstruction and absence of axillary lymph node dissection. In the case of reconstruction with implants, as with other methods, delayed reconstruction produces inferior esthetic results on average because the remaining breast and chest wall skin has contracted somewhat since the mastectomy, and internal scarring inhibits the tissue expansion process. This makes it difficult to expand the skin sufficiently to reconstruct a well-shaped breast with any ptosis. This difficulty is magnified if the patient has received radiation therapy.
EFFECT OF RADIATION ON THE TIMING OF RECONSTRUCTION
Long-term side effects of radiation include decreased wound healing capacity and increased susceptibility to infection. These effects increase the risk of complications for any type of surgery in a radiated field, including breast reconstruction, and these risks are magnified when prosthetic implants are used. 8 -13 Furthermore, radiation causes fibrosis, shrinkage, and decreased elasticity and suppleness of the mastectomy skin and soft tissues of the chest. These effects of radiation diminish the esthetic outcome of breast reconstruction by any method (Fig. 6) .
The timing of breast reconstruction is greatly affected by the plans for, or possibility of, PMRT. More patients are having PMRT since the indications have expanded in recent years to potentially include patients with T1 or T2 tumors, and N1 disease, who have higher risk features such as lymphovascular space invasion or extracapsular extension of lymph node metastases. 25 For these reasons, it is important to 
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Radiation and Reconstruction With Autologous Tissue
One retrospective review of over 100 patients compared the outcomes of immediate breast reconstruction with free TRAM flaps followed by PMRT with delayed reconstruction with free TRAM flaps after mastectomy and PMRT. The authors found that although there was no difference between the 2 groups for early complications such as partial or total flap loss, the group who had delayed reconstruction, after PMRT, had significantly less risk of having late complications such as fat necrosis (9% vs 44%), volume loss (0% vs 88%), and contracture of the flap (0% vs 75%). 13 This shows that PMRT carries a significant risk of deforming and ruining a TRAM flap breast reconstruction (Fig. 7) . Therefore, in a patient who will have PMRT, the outcome of TRAM flap breast reconstruction is best when delayed until after the radiation.
What about the patient who is not certain to have PMRT, but who might depending on the results of the pathology report that is not completed until a week after the mastectomy surgery? The decision that must be made preoperatively to have immediate reconstruction, knowing that there is a possibility that the reconstructed breast will subsequently get radiated, versus delayed reconstruction is difficult. 26 Immediate reconstruction results in a more esthetically pleasing breast; however, the breast reconstruction can be ruined by PMRT, 8 and the reconstructed breast can impair the delivery of PMRT. 27, 28 The patient can opt for immediate reconstruction, in effect taking a gamble that PMRT will not be recommended, in the hopes of obtaining the best possible esthetic result. However, the more conservative approach is to delay the reconstruction until after the mastectomy and any adjuvant therapies. Delayed-immediate breast reconstruction 29 is a method that may be helpful to those patients who desire immediate reconstruction with autologous tissues, but who have a reasonable chance of having PMRT. In this method, a tissue expander is placed at the time of skin-sparing mastectomy, and serves to prevent the skin envelope of the breast from shrinking and contracting. If the pathology report from the mastectomy is favorable and the patient does not need PMRT, then the tissue expander is removed at a second surgery and the final reconstruction with autologous tissues or a permanent implant is done within weeks of the original mastectomy surgery. The results of delayed-immediate reconstruction are often as good as immediate reconstruction. 29 If the patient does require PMRT based on the pathology report from the mastectomy, then the tissue expander is deflated just before the radiation and subsequently reexpanded as soon as practical after the completion of PMRT. The patient then has a second surgery to remove the tissue expander and replace it with autologous tissue or a permanent implant, typically 6 to 12 months after the completion of the PMRT. The esthetic results of this sequencing of breast reconstruction are variable, sometimes approaching immediate reconstruction, but many times being no better than delayed reconstruction. Patients having the first stage of breast reconstruction before PMRT are exposed to the risk of tissue expander infection during or after the radiation that can necessitate an additional operation to remove the infected tissue expander and can delay the completion of radiation. Delayed-immediate breast reconstruction is an interesting, but unproven, method that is actively being studied.
Radiation and Reconstruction With Implants
Radiation before or after placement of tissue expanders and/or implants significantly increases the risk of complications and diminishes the esthetic result of breast reconstruction (Fig. 6) . 10 -12 Therefore, prior radiation is a relative contraindication to delayed breast reconstruction using tissue expanders and/or implants. Patients who have had PMRT and desire delayed breast reconstruction are best served by having a nonirradiated autologous tissue flap used. The most common options are a latissimus dorsi myocutaneous flap with an implant, or a lower abdominal flap such as a TRAM, deep inferior perforator (DIEP), or superficial inferior epigastric artery (SIEA) flap.
CONCLUSION
Breast reconstruction can be done at the same time as a mastectomy, that is immediate reconstruction, or at a later date months or years after the mastectomy, so called delayed reconstruction. All else being equal, immediate reconstruction results in superior esthetic results and should be considered for all patients desiring breast reconstruction. Delayed breast reconstruction has a lower complication rate compared with immediate reconstruction, but inferior esthetic outcomes. Despite its advantages, nationwide less than 20% of patients having a mastectomy have immediate breast reconstruction. Radiation therapy decreases the esthetic outcome of breast reconstruction and can ruin an immediate reconstruction. Therefore, if postmastectomy radiation is planned, or is likely, the safest and most conservative approach is to delay breast reconstruction.
